Goal of this study was to evaluate the kinetics of goat milk fatty acids during abrupt 15 transition from indoor to pasture-based diets. Twelve Valdostana goats in mid-lactation 16 reared indoors and fed hay and concentrates for 40 days were abruptly brought outdoors 17 on natural pasture and fed fresh grass ad libitum. Feed samples and individual milk 18 samples were collected for fatty acids analysis on the last day of indoor feeding (day 0) 19 and after 1, 2, 3, 4, 6, 9, 13, 18 and 23 days of fresh grass feeding. Milk fatty acid 20 composition was significantly affected by sampling day. Significant changes already took 21 place few days after transition. The most marked and consistent variations occurred at the 22 expense of some unsaturated fatty acids. Total trans-octadecenoic and trans-23 octadecadienoic acids, conjugated linoleic acids (CLA) and omega-3 fatty acids constantly 24 increased, reaching concentrations 4.0, 3.0, 3.9, and 2.2 times higher at the end of the trial 25 than at its beginning, respectively. On the last sampling day the omega-6/omega-3 fatty 26 *Manuscript 2 acids ratio was two times lower than its initial value. Considering individual fatty acids, 27 the most consistent and remarkable increasing trends throughout the trial were observed 28 for C18:1 t6-11, C18:1 t12-14+c6-8, C18:1 c14+t16, C18:2 t11c15, C18:2 c9t13+t8c12, 29 CLA isomers c9t11+t7c9+t8c10 and t11c13+c9c11. Alpha-linolenic and eicosapentaenoic 30 acids also increased significantly, but to a lesser extent. In view of the many beneficial 31 biological effects that have been attributed to vaccenic acid (C18:1 t11), rumenic acid 32 (C18:2 c9t11), and omega-3 fatty acids, results showed that, from a human health 33 perspective, goat milk fatty acid composition consistently improved after transition from 34 indoor to pasture feeding. Such improvements, mainly due to the high content of -35 linolenic acid in pasture plants, were already significant after two or three days of fresh 36 grass feeding. Further increases of beneficial fatty acids in milk fat were observed till 37 about thirteen (vaccenic acid and CLA) or twenty-three (omega-3 fatty acids) days after 38 transition. These results show that pasture can be considered a natural feeding strategy to 39 quickly enhance the healthfulness of goat milk fat. 40 41 Keywords: goat milk, fatty acids, transition, grazing 42
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(2) The integrity of the work and identification of the author, copyright owner, and publisher must be preserved in any copy. acids ratio was two times lower than its initial value. Considering individual fatty acids, 27 the most consistent and remarkable increasing trends throughout the trial were observed 28 for C18:1 t6-11, C18:1 t12-14+c6-8, C18:1 c14+t16, C18:2 t11c15, C18:2 c9t13+t8c12, 29 CLA isomers c9t11+t7c9+t8c10 and t11c13+c9c11. Alpha-linolenic and eicosapentaenoic 30 acids also increased significantly, but to a lesser extent. In view of the many beneficial 31 biological effects that have been attributed to vaccenic acid (C18:1 t11), rumenic acid 32 (C18:2 c9t11), and omega-3 fatty acids, results showed that, from a human health 33 perspective, goat milk fatty acid composition consistently improved after transition from 34 indoor to pasture feeding. Such improvements, mainly due to the high content of -35 linolenic acid in pasture plants, were already significant after two or three days of fresh 36 grass feeding. Further increases of beneficial fatty acids in milk fat were observed till 37 6 Idar-Oberstein, Germany). Samples were analyzed for dry matter (DM), crude protein 131 (CP), ether extract (EE), ash, neutral detergent fiber (NDF), and acid detergent fiber 132 (ADF) according to AOAC procedures (2000) . The second aliquot of herbage samples 133 was freeze-dried (Edwards MF 1000, Milano, Italy) and ground. This aliquot as well as 134 both grounded hay and concentrate were used for the assessment of the FA composition as 135 reported by Alves et al. (2008) . FAME were separated and quantified by using the same 136 analytical instruments and temperature program described for the analysis of milk 137 samples. The injection volume was 0.5 L. Peaks were identified by injecting pure FAME 138 
Statistical analysis 143
The goat was considered as the experimental unit. Changes in milk yield, main 144 constituents and FA were analyzed using the PROC MIXED procedure of SAS (2006) 145 according to the following model: 146
In fresh grass samples, DM and fiber contents increased while CP decreased from day 1 to 156 day 23, following the advance of plants' age. 157
Hay, concentrate and fresh grass strongly differed in their FA amounts and compositions. 158
The concentrate showed 1.8-fold and 4.0-fold higher total FA amounts when compared to 159 fresh grass and hay, respectively. On average, the fresh grass had a total FA concentration 160 approximately doubled than that detected in hay. Alpha-linolenic acid was the most 161 abundant FA in fresh grass, accounting on average for the 62% of total FA. Palmitic and 162 linoleic acids showed similar concentrations, accounting for the 16 and 14% of total FA, 163 respectively. Alpha-linolenic, palmitic and linoleic acids were also the most representative 164 FA of hay, together accounting for about the 83% of total FA. However, the relative 165 contribution of ALA was lower (33% of total FA) in hay if compared to fresh grass. 166
Linoleic acid was, instead, the prevailing FA in the concentrate, accounting for about the 167 57% of total FA. It was followed by oleic and palmitic acids, both representing about the 168 18-19% of total detected FA. ALA represented only about the 2% of total FA in the 169 concentrate. The total FA content and both concentration and proportion of ALA 170 decreased from the beginning till the end of the trial (data not shown). 171
Milk yield and gross composition 172
Milk yield and gross composition were significantly affected by sampling day (P0.001; 173 Table 2 ). Milk yield maintained similar values as that observed the last day of stall feeding 174 till day 9 (showing the absolute minimum levels on days 2 and 3 after transition), and then 175 slightly increased reaching the absolute highest value on day 23. Fat production started to 176 increase significantly the second day after transition and continued to increase till the end 177 of the experiment. The fat percentage of milk significantly increased the second day after 178 transition as well, but no significant variations were observed for this parameter in the 179 following sampling days. Protein percentage, protein production and lactose production8 the percentage of lactose in milk. 182
Milk fatty acid composition 183
Results of groups of FA and individual FA are reported in Tables 3 and 4, respectively.  184 The FA profile of milk fat was affected by days on pasture to a great extent. Only two FA 185 (C18:1 t5 and C18:2 t10c12) were not significantly influenced by sampling day. 186
Total SCFA and MCFA started to decrease significantly the second day after transition 187 (day 2) and they continued to decrease till day 4 (1.2 and 1.5 times lower values on day 4 188 relative to values on day 0, respectively). Subsequently SCFA rose again, reaching at the 189 end of the trial concentrations that did not significantly differ from the concentration 190 observed the last day of stall feeding. A similar trend also occurred for MCFA, but their 191 concentration was still significantly lower at the end of the trial than at its beginning. 192
Conversely, LCFA rapidly and markedly increased the second day after diet change and 193 then significantly declined from day 6 till the end of the trial. Starting from day 9 milk 194 LCFA concentrations were not statistically different from the value recorded on day 0. 195 Total saturated fatty acids (SFA) underwent a conspicuous drop from day 1 to day 4 196 subsequent to transition. From day 6 SFA increased again, but their levels remained 197 generally lower if compared to day 0. Total branched-chain fatty acids (BCFA) declined 198 as well from day 1 to day 4. From day 4 to day 9 they remained quite constant and finally 199 slightly increased, so that in the period from day 13 to day 23 their levels did not 200 statistically differ from the value observed on day 0. 201
Temporal changes in the concentration of total monounsaturated fatty acids (MUFA) 202 showed a sharp increase from day 1 to days 2-3. MUFA levels then significantly declined 203 till the end of the trial when they reached their absolute minimum levels. The trend 204 observed for total polyunsaturated fatty acids (PUFA) was much clearer, as this group of 205 FA continuously rose until the sixth day after transition, thereafter remaining constant. 206 PUFA were 1.7 times higher on day 23 than on day 0. 207
On day 3 total trans-octadecenoic ( C18:1 trans) and trans-octadecadienoic ( C18:2 208 trans) acids showed values already 1.8 and 1.6 times higher than those observed on day 0, 209 respectively. These groups of FA continued to increase markedly till the end of the 210 experiment. The highest values (about four and three times higher than the values 211 recorded the last day of stall feeding, respectively) were observed the last two ( C18:1 212 trans) or three ( C18:2 trans) sampling days. 213
Under the chromatographic conditions applied in this trial, the most abundant among 214 trans-octadecenoic acids in milk fat (vaccenic acid -C18:1 t11) coeluted with other C18:1 215 trans-isomers (C18:1 t6-10). This sum (C18:1 t6-11) as well as the values recorded for 216 other detected trans-octadecenoic isomers, particularly C18:1 t12-14 (which coeluted with 217 C18:1 c6-8 isomers) and C18:1 t16 (which coeluted with C18:1 c14), started to increase 218 significantly three days after turning out to pasture. C18:1 t6-11 isomers continued to 219 increase till day 13 and then maintained constant values (approximately four times higher 220 than the value observed on day 0). C18:1 t12-14+c6-8 and C18:1 c14+t16 isomers reached 221 their absolute highest concentrations on days 18 and 23, with values 2.8 and 2.1 times 222 higher than those recorded the last day of indoor feeding, respectively. 223
Considering individual CLA isomers, in the applied chromatographic conditions C18:2 224 c9t11, C18:2 t7c9 and C18:2 t8c10 coeluted in a single peak in the chromatogram. Their 225 sum represented on average the 97% of total CLA. They started to increase the third day 226 after transition and continued to increase significantly until day 13, thereafter maintaining 227 constant concentrations. The raise was conspicuous: values observed the last three 228 sampling days were up to 3.6 times higher than the value observed on day 0. The sum of 229 these three CLA isomers showed high individual variability among the goats involved in 230 the trial. In fact, it varied between 3.33 and 7.77 g kg -1 fat at the beginning of the trial (day 231 0) and between 11.79 and 22.96 g kg -1 fat the last sampling day. About two-fold variation 232 was constantly maintained among individual goats all along the experiment. However, the 233 ranking of individual goats for CLA content was not stable throughout the trial. The sums 234 CLA c9t11+t7c9+t8c10 and C18:1 t6-11 were strongly correlated each other (r=0.97; 235 P0.001). 236 CLA isomers t11c13 and c9c11 coeluted in the chromatogram. The third day after 237 transition from the winter diet to full grazing their sum was already about nine times 238 higher than the initial value. Their sum continued to increase until day 13 when it reached 239 the highest absolute concentration. The contribution of these isomers to the total CLA 240 content of milk varied from 0.42% on day 0 to 2.7% on day 23. Sampling day 241 significantly affected the concentration of CLA isomer t9t11 as well. Its lowest value was 242 observed the last day of stall feeding. From day 1 to day 23 its concentration remained 243 quite constant, with the exception of days 13 and 18 when the highest values were reached 244 (about 3 times higher than the value observed on day 0). 245
Linoleic acid significantly increased until the third day after transition to pasture feeding. 246
Then it decreased, reaching concentrations up to 1.5 fold lower than those observed on 247 day 0. 248 Total omega-3 FA as well as ALA (which is the most abundant detected FA in this group) 249 significantly and constantly increased from the last day of stall feeding to the last 250 sampling day. At the end of the trial total omega-3 FA and ALA concentrations were 251 about two-fold higher than values recorded on day 0. Considering other omega-3 FA, a 252 clear increasing trend was also observed for C18:2 t11c15. A first significant raise 253 (approximately doubled values with respect to concentrations detected the last day of stall 254 feeding) was observed the third day after variation of the diet. Then it continued to rise 255 constantly till the last sampling day, doubling again its concentrations so that on day 23 it 256 was about four times higher than on day 0. A significant and positive correlation was 257 found between this octadecadienoic acid and the sum of CLA isomers t11c13 and c9c11c5c8c11c14c17, EPA) followed a similar trend as that observed for ALA and C18:2 260 t11c15. However, a significant increase was detected only after thirteen days after 261 transition. Its highest concentrations were observed the last two sampling days (with 262 values that almost doubled with respect to those observed at the beginning of the trial). 263
Conversely, no clear positive trend was observed for docosapentaenoic acid (C22:5 264 c7c10c13c16c19, DPA). 265
The omega-6/omega-3 FA ratio started to decline the third day after switching from stall 266 to pasture feeding. This ratio continued to decrease significantly throughout the trial up to 267 day 13. The lowest absolute values were observed the last sampling day, when it was two 268 times lower than its initial value. 269
Concerning 9-desaturase activity (estimated as the ratios of C16:1 c9 to C16:0 -DI 16 -270 and C18:1 c9 to C18:0 -DI 18 ), a significant increase was observed until day 4 after 271 transition (P0.001). However, from day 6 these ratios significantly decreased again 272 reaching the absolute lowest values at the end of the trial. 273
274

DISCUSSION 275
Milk yield and gross composition 276
The observed slight and progressive raise in milk yield and protein after transition from 277 indoor to pasture feeding could be related to increased ingested energy as reported to 278 occur in case of turning out, particularly when fresh grass is at an early growth stage. Concerning LCFA, the trend observed for stearic acid could be ascribed to a decreasing 334 UFA content in pasture plants during the grazing period. The decrease in oleic acid seems 335 to be at least partly related to the lower availability of stearic acid. In fact, it is known that 336 more than the 50% of oleic acid is formed within the mammary gland by the activity of9-destaurase on stearic acid. Moreover, the decreased 9-desaturase activity (estimated 338 by DI 18 significantly and rapidly increased after transition and they were significantly and 386 positively correlated each other. However, the rapid increase we observed in the sum of 387 CLA isomers t11c13 and c9c11 could be attributed to the latter isomer as well. In fact, 388 more than 50% of CLA c9c11 has also been recently reported to derive directly from thebiohydrogenation of dietary ALA (Lee and Jenkins, 2011). The same authors also reported 390 that CLA t9t11 partly derives from ALA, which could explain the observed increasing 391 trend of this CLA isomer in goat milk fat after transition from indoor to pasture diet. 392
As usually occurs with high-forage diets, CLA t10c12 was detected only in traces 393 (concentrations 0.01 g kg -1 fat) and was not significantly affected by the feeding change. 394
Besides vaccenic acid, other trans-octadecenoic fatty acids are known to be formed by 395 means of various isomerizations occurring during different steps of the biohydrogenation 396 of dietary UFA. In particular, the observed increase in the concentration of C18:1 t12-397 14+c6-8 could be attributed to C18:1 t13 and t14 isomers, which were found to be formed 398 during the biohydrogenation of both C18:2 c9t13 and CLA 11, 13 A-F Means within a row with different superscripts differ significantly. Probability: *** P0.001. A-G Means within a row with different superscripts differ significantly. Probability: *** P0.001. 1 C4, C5, C6, C7, C8, C10, C10:1. 2 C12, C13 iso, C13 aiso, C12:1 c, C13, C14 iso, C14, C15 iso, C14:1 t, C15 aiso, C14:1 c+C15, C16 iso, C16, C17 iso, C16:1 t, C17 aiso, C16:1 c.
3 C17, C17:1 t, C18 aiso, C18,  C18:1,  C18:2, C20, C20:1 t, C18:3 c6c9c12, C20:1 c9, C20:1 c11, C18:3 c9c12c15, C18:2 c9t11+t7c9+t8c10, C18:2 t10c12, C18:2 t11c13+c9c11, C18:2 t9t11, C20:2 c,c n6, C22, C20:3 n6, C20:3 n3, C20:4 n6 (AA), C20:5 n3 (EPA), C22:5 n3 (DPA). 4 C4, C5, C6, C7, C8, C10, C12,  branched chain, C13, C14, C14:1 c+C15, C16, C17, C18, C20, C22. 5 C13 iso, C13 aiso, C14 iso, C15 iso, C15 aiso, C16 iso, C17 iso, C17 aiso, C18 aiso.
6 C10:1, C12:1 c, C14:1 t, C16:1 t, C16:1 c, C17:1 t,  C18:1, C20:1 t, C20:1 c9, C20:1 c11.
7 C18:1 t5, t6-11, t12-14+c6-8, c9, c11, c12, c14+t16. 8 C18:1 t5, t6-11, t12-14+c6-8.
9
 C18:2, C18:3 c6c9c12, C18:3 c9c12c15, C20:2 c,c n6, C20:3 n6, C20:4 n6 (AA), C20:5 n3 (EPA), C22:5 n3 (DPA). NMID+t9t12, c9t13+t8c12, c9t12, c,c-MID+t8c13, t11c15, t9c12, c9c12, c9c15, c9t11+t7c9+t8c10, t10c12 , t11c13+c9c11, t9t11. A-G Means within a row with different superscripts differ significantly. Probability: * P0.05; ** P0.01; *** P0.001; ns, not significant (P0.10).
C18:2 t,t-
